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ABSTRACT

PIETROSIMONE, B., Y. M. GOLIGHTLY, J. P. MIHALIK, and K. M. GUSKIEWICZ. Concussion Frequency Associates with

Musculoskeletal Injury in Retired NFL Players. Med. Sci. Sports Exerc., Vol. 47, No. 11, pp. 2366–2372, 2015. Objective: Concussion

is commonly associated with immediate and persistent alterations in motor function affecting postural control and gait. Patients with

lower extremity joint injury have demonstrated functional alterations in the cerebral cortex, suggesting that musculoskeletal injury may

be linked to alterations in brain function. Therefore, we examined the associations between concussion frequency and lower extremity

musculoskeletal injury sustained during professional careers of National Football League (NFL) players in a cross-sectional study.

Methods: An inclusive health history survey was mailed to 3647 NFL players who retired during 1930–2001. Respondents reported total

concussion frequency (zero, one, two, or three or more) and presence (yes/no) of specific knee and ankle musculoskeletal injury during

their NFL career. Separate logistic regression models were used to estimate associations between concussion frequency and each

musculoskeletal injury type, adjusting for number of years played in the NFL, body mass index while playing in the NFL, and playing

position. Results: Data from 2429 players (66.6% response rate) were available for analysis. Nearly 61% reported experiencing a

concussion while competing in the NFL. Meniscal tear was the most commonly reported musculoskeletal injury (32%). Compared with

NFL players who did not sustain a concussion, retired NFL players with one, two, or three or more concussions had between 18% and

63%, 15% and 126%, and 73% and 165% higher odds of reporting various musculoskeletal injuries, respectively. Conclusions: A history

of concussions was associated with a history of musculoskeletal injuries during NFL careers. These data suggest that a higher number

of concussions is linked with higher odds of reporting a musculoskeletal injury. Key Words: BRAIN, ANTERIOR CRUCIATE

LIGAMENT, KNEE INJURY, ANKLE INJURY

C
oncussions are a common injury in American foot-
ball, occurring at a rate between 0.38 and 0.42 per
game in the National Football League (NFL) (3).

Mild traumatic brain injury, or concussion, is described as a
‘‘traumatically induced transient disturbance of brain func-
tion and involves a complex pathophysiological process’’
(14). Because of the diffuse nature in which concussion
affects multiple aspects of the brain, patients with a con-
cussion demonstrate a myriad of neurological symptoms,
which may include altered neuromuscular function (27,35),

delayed reaction time (5,9,36), diminished postural control
(19), and altered gait (2). Neurological and neuromuscular
deficits after concussion may be due to injury of intracortical
neurons or diaschisis, which is a loss of function of un-
injured portions of the brain due to direct injury of inter-
connected brain areas (18).

Widespread changes in cortical metabolism that persist
after concussion have been hypothesized to increase the
vulnerability of the brain to a secondary insult or affect the
function of complex motor patterns (8,15). Complex motor
patterns require parallel function between multiple brain
centers to maintain posture (13,16), initiate movement (27),
and react to obstacles or perturbations (4). Inability to gen-
erate proper motor programs or refine movement errors may
increase the risk of musculoskeletal injury in people com-
peting in contact sports such as American football (25,34).
Measures of postural control have been found to improve
within 3–5 d after concussion (16), yet deficits in more com-
plex postural control outcomes during gait have been dem-
onstrated for months after concussion (20,31). Neuromuscular
gait strategies known to require activation of primary and
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association areas of the motor cortex, such as braking (2)
and navigating obstacles (10), have been altered up to 30 d
after concussion. Impaired function of higher brain centers
associated with concussion may inhibit coordinated move-
ment patterns or impede the ability to maneuver around
obstacles that may inflict injury (7,8,27); therefore, the lin-
gering neuromuscular effects of concussion may be associ-
ated with increased risk of musculoskeletal injury sustained
during sport.

Patients that have sustained multiple ankle sprains (32)
and anterior cruciate ligament (ACL) injuries (33) have
demonstrated deficits in the excitability of the primary motor
cortex. Although these retrospective studies (32,33) are un-
able to elucidate whether lower extremity joint injury was
a cause or effect of altered cortical function, these recent
studies provide emerging evidence of a link between mus-
culoskeletal injury and cortical dysfunction. Intercollegiate
athletes with musculoskeletal injury have also displayed
cognitive impairments on automated neurocognitive assess-
ments that are similar to the cognitive impairments demon-
strated after concussion (21).

In a separate study, athletes that sustained noncontact
ACL injury demonstrated lower neurocognitive testing scores
before ACL injury compared with athletes that did not go on
to sustain an injury (38). These data suggest that neuromus-
cular deficits caused by a concussion may have increased
the risk for sustaining a lower extremity injury. Furthermore,
a preliminary study of intercollegiate athletes in the United
States (16) and a recently published study on European
soccer players (30) both reported higher rates of musculo-
skeletal injury after a concussion compared with athletes
who did not sustain a concussion.

Evaluating the association between concussion history and
risk of future musculoskeletal injury may provide critical in-
formation for protecting athletes from sustaining multiple in-
juries (concussion and musculoskeletal). Better understanding
the link between brain and lower extremity musculoskeletal
injuries may expose new methods for diagnosis or explain
underlying areas of pathophysiology that may be relevant to
both concussion and lower extremity musculoskeletal injury,
thereby providing a foundation for new rehabilitation para-
digms for concussion and a variety of musculoskeletal inju-
ries that are common in sport. Retired NFL players report a
high incidence of lower extremity musculoskeletal injury and
concussion associated with their football career (1,17) and
thus are a valuable population for examining the associa-
tions between these types of injuries. Regardless of causality,
the hypothesized link between concussion and musculoskel-
etal injury is that altered movement due to one type of injury
increases the risk of the other; therefore, the rationale for the
study is to evaluate the influence that concussion history may
have on lower extremity injury in NFL football players. The
purpose of the current study was to examine the associations
between concussion frequency and lower extremity muscu-
loskeletal injury sustained during the professional careers of
NFL players.

METHODS

Study Participants

Participants were members of The Health Survey of Retired
NFL Players, an ongoing cross-sectional study that evaluates
multiple aspects of self-reported health and collects injury
history from retired NFL players (11,12,21). We mailed the
survey to 3647 former NFL players, registered with the NFL
Retired Players_ Association, who retired between the years
of 1930 and 2001. The survey was initially mailed to par-
ticipants in May 2001 and again to nonrespondents in August
2001 and February 2002. Players that did not respond to
any of the three mailings were contacted by telephone, and
consenting players completed the survey with study per-
sonnel over the phone. By completing the survey, partici-
pants consented to be part of the study, which was approved
by the institutional review board at the University of North
Carolina at Chapel Hill (IRB #01-1490).

Health Survey of Retired NFL Players

The Health Survey of Retired NFL Players was a 13-page,
paper-based questionnaire that collected player demogra-
phics, playing history (i.e., years of football played, posi-
tions played, etc.), general medical history, joint injury
history, and overall health status.

Concussions. Specific to the current study, we col-
lected the number of concussions sustained during NFL
playing years. The questions regarding concussions were
worded as follows: 1) ‘‘Did you sustain any concussions
during your professional playing career?’’ and 2) ‘‘If yes, an-
swer how many.’’ The first concussion question required a
dichotomous answer (yes or no), and the number of concus-
sions sustained was recorded as a discrete value. For analyses,
an athlete_s career concussion frequency was categorized as
zero, one, two, and three or more.

Musculoskeletal injury. We collected the frequency
of the specific musculoskeletal injuries that were sustained
during each player_s NFL career. Players were asked, ‘‘During
your professional football career, how many of the following
injuries did you sustain?’’ The frequency (discrete values) of
musculoskeletal injury for the following musculoskeletal
injury categories was collected: 1) hamstring/quadriceps
rupture, 2) medial collateral ligament (MCL) tear, 3) lateral
collateral ligament (LCL) tear, 4) ACL tear, 5) posterior
cruciate ligament (PCL) tear, 6) meniscus tear, 7) calf/
Achilles rupture, 8) ankle ligament rupture, and 9) ankle/
foot fracture. For each musculoskeletal injury, the injury
frequency was categorized initially as zero, one, two, and
three or more (as reported in Table 1), and for analyses
examining each injury separately, these frequencies were
condensed to create a dichotomous variable (zero vs one or
more). To examine musculoskeletal injury more broadly, we
created two body-site specific dichotomous variables (knee
and ankle/foot) and a global lower extremity musculoskel-
etal injury frequency variable. Knee injury was considered
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present if there was at least one injury at the MCL, PCL,
ACL, LCL, or meniscus. Ankle/foot injury was considered
present if there was at least one Achilles tendon rupture,
ankle ligament rupture, or ankle/foot fracture. The total
number of lower extremity musculoskeletal injuries variable
was defined as the sum of all injury types and was catego-
rized as zero, one, two, three, and four or more.

Covariates. We collected age at time of survey, height
and weight (to calculate body mass index (BMI)) at the time

of survey and while playing in the NFL, the self-reported
number of years played in the NFL (discrete), and primary
playing position. Primary playing position was grouped into
three potential categories including 1) linemen (offensive
linemen, defensive linemen, tight end), 2) linebacker and
running back, and 3) wide receiver, cornerback/safety, quar-
terback, and special teams.

Statistical Analysis

Distributions were calculated for the following: 1) age at the
time of survey, 2) BMI at the time of survey (from self-
reported height and weight), 3) BMI during the football career,
4) percent change in BMI from career to survey, 5) total years
played during professional football career, 6) playing position
categories, 7) self-reported concussion frequency (one, two, or
three or more concussions), 8) frequency of each musculo-
skeletal injury category (one, two, or three or more injuries), 9)
total number of musculoskeletal injuries (one, two, three, or
four or more injuries), knee injury (present/absent), 10) and
ankle/foot injury (present/absent). Separate logistic regression
models were used to estimate associations between concus-
sion frequency (zero, one, two, and three or more) and each
musculoskeletal injury type (zero and one or more), control-
ling for the number of NFL years played, BMI during NFL
playing years, and playing position. To explore relations with
the broader categories of musculoskeletal injuries, separate
logistic regression models were used to estimate associations
of concussion frequency (zero, one, two, and three or more )
with knee injury, ankle/foot injury, and total number of lower
extremity musculoskeletal injuries, adjusting for the covari-
ates listed previously. The proportional odds assumption was
tested to confirm that the association between the concussion
variable and the four-level total number of lower extremity
musculoskeletal injury outcome were similar across sequen-
tially more severe levels of the outcome (i.e., the same in-
crease in odds applies across all categories of lower extremity
musculoskeletal injury). If the assumption was met, a single
odds ratio was calculated. If it was not met, a generalized logit
model was used to calculate separate odds ratios by muscu-
loskeletal injury category. If the 95% confidence interval for
an odds ratio included 1.0, we considered the estimate to not
be statistically significant, although we considered the mag-
nitude of the odds ratio in our assessment of the strength of
associations. We calculated the test–retest reliability for the
self-reported concussion and lower extremity musculoskeletal
injury frequency using weighted Cohen kappa coefficient (J)
in a subset of players (n = 77) that participated in the original
2001 survey and a resurvey completed 18–24 months later.

RESULTS

Approximately 69% of the initial sample (n = 3647) returned
the survey (Fig. 1). Concussion history or musculoskeletal
injury data were missing in 4.8% of the 2552 participants
returning the survey. Therefore, data from 66.6% of the total

TABLE 1. Characteristics of the sample.

Characteristics

Total Sample

Mean (SD; Range)

Age at survey (yr) 53.9 (13.4; 24 to 95)
BMI at survey (kgImj2) 30.5 (4.3; 14.8 to 56.3 )
BMI during professional football career 29.4 (3.5; 15.4 to 47.5)
Change in BMI from career to survey (%) 4.3 (11.7;j47.1 to 93.9)
Total years played during professional football career 6.7 (3.5; 1 to 26)
Playing position (% (n/N))

Lineman 40.9 (991/2425)
Linebacker or running back 25.2 (611/2425)
Wide receiver, corner back, quarter back, special teams 28.8 (698/2425)
Other 5.2 (125/2425)

Concussion frequency during professional football career (% (n/N))
One 19.5 (473/2429)
Two 16.9 (410/2429)
Three or more 24.4 (592/2429)

Hamstring rupture frequency (% (n/N))
One 13.9 (336/2424)
Two 5.7 (139/2424)
Three or more 6.6 (161/2424)

MCL tear frequency (% (n/N))
One 15.1 (366/2421)
Two 5.3 (128/2421)
Three or more 1.5 (36/2421)

LCL tear frequency (% (n/N))
One 6.0 (146/2418)
Two 1.3 (32/2418)
Three or more 1.2 (28/2418)

ACL tear frequency (% (n/N))
One 14.3 (345/2416)
Two 2.9 (69/2416)
Three or more 1.9 (46/2416)

PCL tear frequency (% (n/N))
One 5.8 (140/2419)
Two 0.9 (22/2419)
Three or more 1.0 (24/2419)

Meniscus tear frequency (% (n/N))
One 18.5 (448/2416)
Two 7.4 (178/2416)
Three or more 6.4 (155/2416)

Calf/Achilles rupture frequency (% (n/N))
One 5.0 (122/2429)
Two 0.9 (22/2429)
Three or more 0.5 (13/2429)

Ankle ligament rupture frequency (% (n/N))
One 11.5 (279/2422)
Two 2.8 (68/2422)
Three or more 3.1 (76/2422)

Ankle/foot fracture frequency (% (n/N))
One 11.3 (273/2422)
Two 1.8 (44/2422)
Three or more 1.9 (46/2422)

Total number of musculoskeletal injuries (% (n/N))
One 19.8 (480/2429)
Two 15.9 (386/2429)
Three 13.1 (318/2429)
Four or more 23.0 (558/2429)

Presence of at least one injury at the knee (MCL,
PCL, ACL, LCL, and meniscus)

50.2 (1213/2416)

Presence of at least one injury at the ankle/foot
(Achilles rupture, ankle ligament rupture, and
ankle/foot fracture)

32.6 (789/2420)
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players surveyed could be used in this study (Fig. 1). Indi-
vidual sample sizes for each question were reported in Table 1.
Of the respondent sample, 60.8% reported at least one con-
cussion and 71.8 % reported at least one of the lower ex-
tremity musculoskeletal injuries that we collected as part of
the survey during their NFL career. Moderate-to-good reli-
ability was found for self-reported frequency of concussion
and all musculoskeletal lower extremity injury categories
(weighted Cohen J: concussion, 0.59; hamstring/quadriceps
rupture, 0.43; MCL ruptures, 0.66; LCL ruptures, 0.49; ACL
ruptures, 0.65; PCL ruptures, 0.64; meniscus tear, 0.62;
Achilles tendon ruptures, 0.65; ankle ligament rupture, 0.44;
ankle/foot fracture, 0.45). For musculoskeletal injury cate-
gories, knee meniscus tears were reported more frequently
(32.3%) than other injuries, whereas half of the players
completing the survey (50.2%) reported sustaining at least
one knee injury and 32.6% of the players reported at least
one ankle injury (Table 1). Achilles tendon ruptures (6.4%),
PCL ruptures (7.7%), and LCL ruptures (8.5%) ranked
among the least common lower extremity injuries reported
to have been sustained by retired football players (Table 1).
Results of adjusted analyses of the associations between
concussion and lower extremity musculoskeletal injuries for

the total sample are summarized in Tables 2 and 3. The pro-
portional odds assumption was met for models including the
four-level total number of lower extremity musculoskeletal
injuries, and thus, a single odds ratio was calculated. Overall,
a history of each of the musculoskeletal injuries was associ-
ated with history of concussions (Table 2). For analyses of
one versus zero concussion, results were statistically signifi-
cant for hamstrings/quadriceps rupture, ACL tear, meniscus
tear, ankle ligament rupture, knee injury, ankle/foot injury,
and total number of lower extremity musculoskeletal injuries.
In comparisons of two versus zero concussion, results were
statistically significant for all musculoskeletal injury defini-
tions except LCL tear and PCL tear. Adjusted odds ratios were
statistically significant for all musculoskeletal injury defini-
tions in analyses comparing three with zero concussion. For
each musculoskeletal injury definition, the estimates tended to
be greater with an increasing number of reported concussions
(e.g., for meniscus tear, adjusted odds ratios were 1.43, 2.00,
and 2.32 for comparisons of one, two, and three or more
concussions, respectively, with zero concussion).

DISCUSSION

Our study provides evidence of the association between self-
reported concussions and musculoskeletal injuries sustained
in the NFL. The overall odds of reporting a musculoskeletal
injury increased when a greater frequency of concussions was
also reported. Regardless of the reported concussion fre-
quency, there was a notable increase in the odds of reporting
a knee or ankle injury in former NFL players that reported
any number of concussions. Associations were significantly
higher for all musculoskeletal injury categories in players
reporting three or more concussions. For all musculoskeletal
injury categories, except for hamstring/quadriceps strains,
there was a trend for increasing estimates as the number of
reported concussions increased.

There is limited previous data that have evaluated the asso-
ciation between concussion andmusculoskeletal injury (16,30).
The current study provides more evidence of a potential link
between concussion and musculoskeletal injury. We ac-
knowledge that we cannot discern the causality of the associ-
ation between musculoskeletal injury and concussion because
it is unclear from our cross-sectional data whether the reported
concussions preceded the musculoskeletal injury. Furthermore,
the time between concussion and musculoskeletal injury is not

FIGURE 1—Available data for analysis. The flowchart explains how
66.6%of the total surveysmailed to retiredNFLplayers were used for the
analysis.

TABLE 2. Odds ratios (95% confidence intervals) adjusted for number of NFL years played, BMI during NFL, and playing position.

Types of Lower Extremity Musculoskeletal Injury (Frequency)

Hamstring/Quadriceps
Rupture (26%) MCL Tear (22%) LCL Tear (9%) ACL Tear (19%) PCL Tear (8%)

Meniscus
Tear (32%)

Calf /Achilles
Rupture 6%)

Ankle Ligament
Rupture (18%)

Ankle/Foot
Fracture (15%)

One concussion 1.46 1.26 1.22 1.63 1.18 1.43 1.55 1.49 1.26
(19% of sample) (1.12–1.9) (0.95–1.69) (0.80–1.88) (1.23–2.18) (0.76–1.83) (1.12–1.84) (0.96–2.50) (1.08–2.06) (0.90–1.79)
Two concussions 2.14 1.71 1.52 1.37 1.15 2.00 1.65 2.26 1.77
(17% of sample) (1.64–2.87) (1.29–2.29) (0.99–2.34) (1.00–1.88) (0.72–1.83) (1.55–2.58) (1.01–2.70) (1.65–3.10) (1.27–2.50)
Three or more

concussions
1.79 1.98 1.94 1.89 1.73 2.32 1.93 2.65 1.90

(24% of sample) (1.40–2.29) (1.53–2.56) (1.33–2.83) (1.44–2.48) (1.18–2.56) (1.84–2.92) (1.24–2.99) (1.99–3.53) (1.40–2.60)

CONCUSSION FREQUENCY AND MSK INJURY Medicine & Science in Sports & Exercised 2369

A
PPLIED

SC
IEN

C
ES

Copyright © 2015 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



known; therefore, we are unable to determine how risk expo-
sure may interact with the associations between concussion
and musculoskeletal injury. The specific directional and tem-
poral nature of the association between concussion and mus-
culoskeletal injury cannot be concluded from the current data.
Previous authors have presented, in abstract form, evidence
that college athletes that have sustained a concussion are 3.79
times more likely to sustain a joint injury (16). In a recent
prospective study in European soccer players, Nordström et al.
(30) reported that players that sustained concussions were at
higher risk for sustaining other musculoskeletal injuries during
the same year and in the year after the concussion. These data
suggest that a concussion may initiate aberrant neuromuscular
alterations that elevate the risk of musculoskeletal injury.
Deficits in neurocognitive (26) and descending motor function
(8,27) have been reported after concussion, suggesting that
trauma to the brain can cause alterations in how patients
process information and react to physical and cognitive stimuli
from the environment. Although we may hypothesize that
unresolved neurophysiology from a previous concussion
(27) may lead to a musculoskeletal injury by diminishing
the ability to execute proper movement patterns, sustaining
a musculoskeletal injury may increase the risk of a future
concussion. Individuals that have sustained a musculoskel-
etal injury have demonstrated deficits in computerized
neurocognitive assessments in the first 72 h after injury that
are similar to the deficits demonstrated by individuals with
concussion (21). It remains unknown whether alterations in
neurocognitive function after musculoskeletal injury persist
for longer than 72 h, yet these neurocognitive deficits dem-
onstrated after musculoskeletal injury might increase the risk
for sustaining a concussion or amplify the symptoms after a
concussive impact. The neuromuscular alterations known to
occur after a lower extremity injury (39) may inhibit proper
activation of the musculature that may be needed to ma-
neuver away from a potential hazardous situation because of
a lingering disability. Swanik et al. (38) demonstrated that
diminished neurocognitive function was present in athletes
before sustaining a noncontact ACL injury compared with
athletes that did not go on to sustain an injury. These data
help develop the hypothesis that inhibited neurocognition
demonstrated before or after musculoskeletal injury may
increase the risk of concussion by impeding a player_s ability
to develop and execute motor programs to avoid a potentially
hazardous situation that may lead to a concussion.

Diffuse brain injury after concussion may be responsible
for persistent changes in development of motor programs or
initiation of voluntary movement (7,8,27), which may in-
crease the risk of sustaining a subsequent lower extremity

injury. Development of a motor program requires multiple
steps including 1) processing sensory information regarding
the environment, 2) integrating information in higher brain
centers from memories and real-time information, and 3)
initiating movement through the activation of the correct
motor pathways (22). An increase in the latency to process,
integrate, or initiate neuronal signals after a stimulus will
affect reaction time and may inhibit the ability of player
from avoiding a situation that increases the risk of injury. A
concussion may cause alterations in cortical function by 1)
directly damaging neurons associated with a specific func-
tion, either because of direct neuronal damage or secondary
injury from swelling, and/or 2) inhibiting communication
between cortical centers or impeding integration of informa-
tion needed to develop a comprehensive motor program (18).
Alterations in cortical metabolism after concussion may
have widespread effects on multiple centers in the brain, and
a subsequent diaschisis may affect information integration
needed to access and incorporate memories of motor pro-
grams in the development of new motor programs or correct
movement errors (18). Evidence for concussion-induced
diaschisis has been demonstrated with diffusion tensor im-
aging (6,28), which is a magnetic resonance imaging tech-
nique that has detected alterations in white matter fiber tract
integrity after concussion.

The inability for brain centers to function independently and
communicate with each other after musculoskeletal injury or
concussion may result in altered motor programming. Specif-
ically, motor programs are integrated and planned in the sup-
plementary motor cortex (29) and then propagated to the
primary motor cortex of the brain for initiation of the motor
program (22). Alterations in activity of the supplementary
motor cortex have been demonstrated after ACL injury (23),
suggesting that individuals with musculoskeletal injury may
have difficulty with planning and integration of the motor
programs. Decreased excitability of the primary motor cortex
has been found in patients with ACL (33) and ankle injuries
(32), suggesting that individuals with musculoskeletal injury
may also demonstrate problems initiating motor programs.
Furthermore, decreased excitability of the primary motor
cortex has been demonstrated 10 d after concussion, and the
excitability of the primary motor cortex recovers at a different
rate compared with neurocognitive testing and resolution of
concussion-related symptoms (27). Players with concussion
may be advised to return to athletic participation on the basis
of resolution of concussion symptoms and/or neurocognitive
testing scores even though they may have an underlying in-
ability to properly initiate motor tasks via excitation of the
primary motor cortex (27). Gait navigation around an obstacle

TABLE 3. Odds ratios (95% confidence intervals) adjusted for number of NFL years played, BMI during NFL, and playing position.

Total No. of Lower Extremity Musculoskeletal
Injuries (One, Two, Three, Four or More)

Presence of at Least One Injury at the
Knee (MCL, PCL, ACL, LCL, and Meniscus)

Presence of at Least One Injury at the
Ankle/Foot (Achilles Rupture, Ankle Ligament

Rupture, and Ankle/Foot Fracture)

One vs zero concussion 1.59 (1.30–1.94) 1.36 (1.08–1.70) 1.36 (1.06–1.75)
Two vs zero Concussions 2.29 (1.85–2.83) 1.73 (1.36–2.21) 2.20 (1.70–2.83)
3+ vs 0 Concussions 2.86 (2.36–3.48) 1.92 (1.54–2.40) 2.37 (1.88–2.99)
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requires cortical function to process information about the
obstacle, integrate information into a new movement program
to avoid the obstacle, and then initiate the planned movement
strategy. Gait navigation strategies have demonstrated differ-
ences 30 d after concussion, suggesting that alterations in
motor function may persist after a concussive incident (10).
Other cortically driven aspects of gait, such as postural control
(37) or initiating a braking strategy (2), have demonstrated
differences in patients with concussion. Although we have
speculated on some neurophysiological factors that may link
concussion to increased risk of musculoskeletal injury, mech-
anistic studies should be developed to best guide strategies to
decrease the risk of musculoskeletal injury after concussion.
Current concussion management guidelines have not tradi-
tionally endorsed a comprehensive neuromuscular evaluation
of athletes with concussion to prevent future musculoskeletal
injuries, yet future clinical strategies may need to be used to
decrease the risk of musculoskeletal injury after concussion.

The current study provides evidence of a link between
concussion and lower extremity musculoskeletal injury in a
unique group of retired NFL players that were at risk for both
types of injury, yet there are limitations to our study that
should caution some interpretation of the data and inform
future research in this area. One limitation of our concussion
and musculoskeletal injury data is that they are self-reported
by former NFL players. We are unable to validate our data
because the NFL does not currently centralize or archive
clinical medical records. There was moderate-to-good reli-
ability demonstrated in self-reporting concussion and all
musculoskeletal injury categories (weighted Cohen J coef-
ficient range, 0.43–0.66) over 18–24 months. The reliability
of reporting concussion frequency was better when retesting
after 18–24months (weighted Cohen J range, 0.59) than what
has been previously published regarding this survey in this
population conducted 9 yr apart (weighted Cohen J range,
0.48) (24). We chose to ask about more serious traumatic
musculoskeletal injury, such as ‘‘ankle ligament rupture’’
rather than an ‘‘ankle sprain,’’ as respondents may not have
accurately recalled minor musculoskeletal injuries and trau-
matic injury. Some degree of recall bias would be associated

with any self-reported survey; we feel that the traumatic
nature of musculoskeletal injuries that we collected as part
of the current study would likely have resulted in some time
lost to participation, thereby minimizing the potential that
our respondents would have forgotten that these specific
musculoskeletal injuries occurred. We did identify 29 in-
dividuals in the current analysis that reported being diag-
nosed with Alzheimer disease or dementia. We removed
these individuals and performed a post hoc analysis and
found that our results were unchanged, suggesting that in-
cluding this small subset of respondents that had high risk of
failing to accurately recall injury history did not affect the
overall results of the current study. It is also possible that
some musculoskeletal injuries were not diagnosed or were
underdiagnosed during different periods in which respondents
played in the NFL. In addition, we do not have information on
the high school or collegiate injuries that may have been
sustained in these players. Future analysis should evaluate
how high school or college injuries associate with injuries
sustained in the NFL, which may improve our understanding
of causality between concussion and musculoskeletal injury.

CONCLUSIONS

Our study provides evidence of an association between
concussion and musculoskeletal injuries in retired NFL
players. After grouping the musculoskeletal injury catego-
ries, knee injuries or ankle injuries were associated with one,
two, and three or more concussions. Prospective studies are
warranted to confirm this association and to elucidate the
underlying mechanisms driving these associations. Our
study provides preliminary evidence that neuromuscular
programs may be indicated to prevent musculoskeletal in-
jury after concussion.
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